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(57) ABSTRACT

A method for forming a semiconductor structure is provided.
In one form, a method includes: providing a base, a dummy
gate structure, a source-drain doped region, and an interlayer
dielectric layer; removing the dummy gate structure located
at an isolation region to form an isolation opening; perform-
ing first ion doping on a fin below the isolation opening, to
form an isolation doped region, where a doping type of the
isolation doped region is different from a doping type of the
source-drain doped region; filling an isolation structure in
the isolation opening; removing the remaining dummy gate
structure, to form a gate opening; and forming a gate
structure in the gate opening. In embodiments and imple-
mentations of the present disclosure, the isolation doped
region with a doping type different from that of the source-
drain doped region is formed, so that a doping concentration
of opposite-type ions in the fin of the isolation region can be
improved, thereby accordingly improving a potential energy
barrier of a P-N junction formed by the source-drain doped
region and the fin of the isolation region, to prevent a
conduction current from being generated in the fin of the
isolation region when a device is working, and implement-
ing isolation between the fin in the isolation region and the
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fin in other regions. Moreover, there is no need to perform
a fin cut process, so that the fin is a continuous structure, to
prevent stress release in the fin.

18 Claims, 7 Drawing Sheets
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1
METHOD FOR FORMING
SEMICONDUCTOR STRUCTURE

RELATED APPLICATIONS

The present application claims priority to Chinese Patent
Appln. No. 202011506507.6, filed Dec. 18, 2020, the entire
disclosure of which is hereby incorporated by reference.

BACKGROUND

Technical Field

Embodiments and implementations of the present disclo-
sure relate to the field of semiconductor manufacturing, and
in particular, to a method for forming a semiconductor
structure.

Related Art

In semiconductor manufacturing, with the development of
very large scale integrated circuits, a feature size of an
integrated circuit continues to decrease. To adapt to a smaller
feature size, a channel length of a metal-oxide-semiconduc-
tor field-effect transistor (MOSFET) also continues to
decrease. Further, as a channel length of a device becomes
smaller, a distance between a source and a drain of the
device also accordingly decreases. Therefore, a channel
control capability of a dummy gate structure deteriorates,
and it becomes increasingly difficult for a gate voltage to
pinch off a channel, resulting in a greater possibility of
subthreshold leakage, that is, the so-called short-channel
effect (SCE) is more likely to occur.

Therefore, to reduce impact of the short-channel effect,
semiconductor processes gradually are transitioning from a
planar MOSFET to a three-dimensional transistor with
higher efficiency, such as a fin field effect transistor (Fin-
FET). In the FinFET, a dummy gate structure may control an
ultra-thin body (a fin) from at least two sides, and compared
with the planar MOSFET, the dummy gate structure has a
higher channel control capability, and can suppress the
short-channel effects adequately. Moreover, compared with
other devices, the FinFET has better compatibility with
manufacturing of existing integrated circuits.

However, at present, performance of a FinFET still needs
to be improved.

SUMMARY

A problem to be addressed in the present disclosure is to
provide a method for forming a semiconductor structure to
improve performance of a FinFET.

To address the foregoing problem, the present disclosure
provides a method for forming a semiconductor structure. In
one form, a method for forming a semiconductor structure
includes: providing a base, including an isolation region
corresponding to a fin cut position, where the base includes
a substrate and a fin protruding from the substrate, a dummy
gate structure extending across the fin formed on the sub-
strate, a source-drain doped region formed in the fin on two
sides of the dummy gate structure, and an interlayer dielec-
tric layer covering a side wall of the dummy gate structure
and the source-drain doped region formed on the substrate;
removing the dummy gate structure located at the isolation
region, to form an isolation opening, to expose a top and a
side wall of the fin located at the isolation region; perform-
ing first ion doping on the fin below the isolation opening,
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to form an isolation doped region in the fin, where a doping
type of the isolation doped region is different from a doping
type of the source-drain doped region; filling an isolation
structure in the isolation opening after the first ion doping is
performed, where the isolation structure extends across the
fin of the isolation region; removing the remaining dummy
gate structure after the isolation structure is formed, to form
a gate opening in the interlayer dielectric layer; and forming
a gate structure in the gate opening.

In some implementations, the source-drain doped region
is N-type doping, the fin below the isolation opening is
doped with P-type ions, and the P-type ions include boron
ions, gallium ions or indium ions; or, the source-drain doped
region is P-type doping, the fin below the isolation opening
is doped with N-type ions, and the N-type ions include
phosphorus ions, arsenic ions or antimony ions.

In some implementations, the first ion doping is per-
formed on the fin below the isolation opening by using an
ion implantation process.

In some implementations, the source-drain doped region
is N-type doping, ions of the ion implantation are boron ions,
and parameters of the ion implantation process include:
implantation energy of 3 keV to 8 keV, an implantation dose
of 2.0E14 cm™ to 1.0E15 cm™2; and an implantation angle
of 3° to 20°; or, the source-drain doped region is P-type
doping, ions of the ion implantation are phosphorus ions,
and parameters of the ion implantation process include:
implantation energy of 3 keV to 8 keV, an implantation dose
of 1.0E14 cm™ to 6.0E14 cm™2; and an implantation angle
of 3° to 20°.

In some implementations, a process of removing the
dummy gate structure located at the isolation region includes
a dry etching process.

In some implementations, the method for forming a
semiconductor structure further includes: forming a gate
dielectric layer on a top surface and the side wall of the fin
exposed by the gate opening after the gate opening is formed
and before the gate structure is formed.

In some implementations, the gate dielectric layer
includes a gate oxide layer.

In some implementations, the method for forming a
semiconductor structure further includes: performing a first
heat treatment on the gate dielectric layer after the gate
dielectric layer is formed and before the gate structure is
formed.

In some implementations, a temperature of the first heat
treatment is 800° C. to 950° C.

In some implementations, after the gate structure is
formed, the method for forming a semiconductor structure
further includes: performing a second heat treatment on the
isolation doped region.

In some implementations, a temperature of the second
heat treatment is 450° C. to 650° C.

In some implementations, the second heat treatment
includes: a rapid thermal anneal (RTA) process, a dynamic
surface anneal (DSA) process or a laser anneal process.

In some implementations, after the gate structure is
formed and before the second heat treatment is performed on
the isolation doped region, the method for forming a semi-
conductor structure further includes: forming a source-drain
opening penetrating the interlayer dielectric layer at the top
of the source-drain doped region, where the source-drain
opening exposes the source-drain doped region; and per-
forming second ion doping on the source-drain doped region
exposed by the source-drain opening, where a doping type
of the second ion doping is the same as a doping type of the
source-drain doped region. After the second heat treatment
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is performed, the method for forming a semiconductor
structure further includes: forming, in the source-drain open-
ing, a source-drain contact layer in contact with the source-
drain doped region.

In some implementations, the step of filling an isolation
structure in the isolation opening includes: forming an
isolation material layer filling the isolation opening, where
the isolation material layer is further located on the inter-
layer dielectric layer and the dummy gate structure; and
removing the isolation material layer on the interlayer
dielectric layer and a top surface of the dummy gate struc-
ture, where the remaining isolation material layer located in
the isolation opening is used as the isolation structure.

In some implementations, a process of forming the iso-
lation material layer includes at least one of a chemical
vapor deposition (CVD) process, an atomic layer deposition
(ALD) process, a flowable chemical vapor deposition
(FCVD) process, a plasma-enhanced chemical vapor depo-
sition (PECVD) process, or a high aspect ratio process
(HARP).

In some implementations, the isolation material layer on
the interlayer dielectric layer and the top surface of the
dummy gate structure is removed using a planarization
process.

In some implementations, a process temperature of per-
forming the first ion doping on the fin below the isolation
opening is 100° C. to 200° C.

In some implementations, a material of the isolation
structure includes at least one of silicon oxide, silicon
nitride, silicon oxynitride, silicon oxycarbide, silicon carbo-
nitride, or silicon oxycarbonitride.

In some implementations, the gate structure is a metal
gate structure.

Compared with the prior art, technical solutions of
embodiments and implementations of the present disclosure
have at least the following advantages.

In forms of a method for forming a semiconductor struc-
ture provided in the present disclosure, the dummy gate
structure of the isolation region is removed, to form the
isolation opening, the first ion doping is performed on the fin
below the isolation opening, to form the isolation doped
region in the fin, where the doping type of the isolation
doped region is different from the doping type of the
source-drain doped region, so that a doping concentration of
opposite-type ions in the fin of the isolation region can be
improved, thereby also improving a potential energy barrier
of' a P-N junction formed by the source-drain doped region
and the fin of the isolation region, to prevent a conduction
current from being generated in the fin of the isolation region
when the device is working, and implementing, through ion
doping, the isolation between the fin in the isolation region
and the fin in other regions. Moreover, in embodiments and
implementations of the present disclosure, there is no need
to perform a fin cut process, so that the fin is accordingly a
continuous structure, to prevent stress release in the fin and
improve carrier mobility of a channel. Based on the fore-
going, embodiments and implementations of the present
disclosure are beneficial to improving the performance of
the FinFET.

In addition, in embodiments and implementations of the
present disclosure, after the dummy gate structure is formed,
the dummy gate structure of the isolation region is removed,
to form the isolation opening, and the first ion doping is then
performed on the fin below the isolation opening, to form the
isolation doped region. Compared with a case that the gate
structure of the isolation region is removed to form the
isolation opening after the gate structure is formed and the
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fin below the isolation opening is then doped, in embodi-
ments and implementations of the present disclosure, a
procedure of forming the isolation doped region is adjusted
forward, to enable the isolation doped region to undergo
more process steps, and the subsequent process usually
includes a step of a high temperature treatment or a heat
treatment, which is beneficial to further diffusing the doped
ions in the isolation doped region. Accordingly, a concen-
tration gradient of the doped ions in the isolation doped
region is less steep, to slow down a concentration change at
a P-N junction interface formed by the source-drain doped
region and the fin of the isolation region. Therefore, a
tunneling effect from a P-type material to an N-type material
is weakened, to reduce a leakage current flowing from the
source-drain doped region to the base.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 to FIG. 14 are schematic structural diagrams
corresponding to steps in one form of a method for forming
a semiconductor structure according to the present disclo-
sure.

DETAILED DESCRIPTION

It can be learned from the related art that, at present,
performance of a FinFET still needs to be improved.

According to analysis, a P-channel metal oxide semicon-
ductor (PMOS) is used as an example. In the FinFET, SiGe
is selected as a material of a fin, and compressive stress is
provided to a channel of a PMOS device, to improve carrier
mobility.

During the formation of the semiconductor structure, a fin
cut process is generally further included. After the fin is
formed, the fin at an unnecessary position is removed using
the fin cut process. However, the fin cut process tends to
cause stress release in the fin, resulting in an inadequate
effect of improving the carrier mobility.

One method is to cut and remove a fin at an unnecessary
position after a dummy gate structure, a source-drain doped
region in the fin on two sides of the dummy gate structure,
and an interlayer dielectric layer are formed.

Although the method can alleviate the stress release
problem in the fin, the fin cut process still causes stress
release in the fin, and the performance of the FinFET needs
to be improved.

To address the technical problem, in forms of the present
disclosure, a method for forming a semiconductor structure
is provided, including: providing a base, including an iso-
lation region corresponding to a fin cut position, where the
base includes a substrate and a fin protruding from the
substrate, a dummy gate structure extending across the fin is
formed on the substrate, a source-drain doped region formed
in the fin on two sides of the dummy gate structure, and an
interlayer dielectric layer covering a side wall of the dummy
gate structure and the source-drain doped region formed on
the substrate; removing the dummy gate structure located at
the isolation region, to form an isolation opening, to expose
a top and a side wall of the fin located at the isolation region;
performing first ion doping on the fin below the isolation
opening, to form an isolation doped region in the fin, where
a doping type of the isolation doped region is different from
a doping type of the source-drain doped region; filling an
isolation structure in the isolation opening after the first ion
doping is performed, where the isolation structure extends
across the fin of the isolation region; removing the remain-
ing dummy gate structure after the isolation structure is
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formed, to form a gate opening in the interlayer dielectric
layer; and forming a gate structure in the gate opening.

In the method for forming a semiconductor structure
provided in forms of the present disclosure, the dummy gate
structure of the isolation region is removed, to form the
isolation opening, the first ion doping is performed on the fin
below the isolation opening, to form the isolation doped
region in the fin, where the doping type of the isolation
doped region is different from the doping type of the
source-drain doped region, so that a doping concentration of
opposite-type ions in the fin of the isolation region can be
improved, thereby also improving a potential energy barrier
of' a P-N junction formed by the source-drain doped region
and the fin of the isolation region, to prevent a conduction
current from being generated in the fin of the isolation region
when the device is working, and implementing, through ion
doping, the isolation between the fin in the isolation region
and the fin in other regions. Moreover, in embodiments and
implementations of the present disclosure, there is no need
to perform a fin cut process, so that the fin is accordingly a
continuous structure, to prevent stress release in the fin and
improve carrier mobility of a channel. Based on the fore-
going, embodiments and implementations of the present
disclosure are beneficial to improving the performance of
the FinFET.

In addition, in forms of the present disclosure, after the
dummy gate structure is formed, the dummy gate structure
of the isolation region is removed, to form the isolation
opening, and the first ion doping is then performed on the fin
below the isolation opening, to form the isolation doped
region. Compared with a case that the gate structure of the
isolation region is removed to form the isolation opening
after the gate structure is formed and the fin below the
isolation opening is then doped, in forms of the present
disclosure, a procedure of forming the isolation doped
region is adjusted forward, to enable the isolation doped
region to undergo more process steps, and the subsequent
process usually includes a step of a high temperature treat-
ment or a heat treatment, which is beneficial to further
diffusing the doped ions in the isolation doped region.
Accordingly, a concentration gradient of the doped ions in
the isolation doped region is less steep, to slow down a
concentration change at a P-N junction interface formed by
the source-drain doped region and the fin of the isolation
region. Therefore, a tunneling effect from a P-type material
to an N-type material is weakened, to reduce a leakage
current flowing from the source-drain doped region to the
base.

To make the foregoing objectives, features, and advan-
tages of embodiments and implementations of the present
disclosure more obvious and comprehensible, specific
embodiments and implementations of the present disclosure
are described in detail below with reference to the accom-
panying drawings.

FIG. 1 to FIG. 14 are schematic structural diagrams
corresponding to steps in one form of a method for forming
a semiconductor structure according to the present disclo-
sure.

Referring to FIG. 1 and FIG. 2, FIG. 2 is a cross-sectional
view in an AA direction of FIG. 1. A base is provided. The
base includes an isolation region 100i corresponding to a fin
cut position. The base includes a substrate 100 and a fin 110
protruding from the substrate 100, a dummy gate structure
120 extending across the fin 110 is formed on the substrate
100, a source-drain doped region 130 is formed in the fin 110
on two sides of the dummy gate structure 120, and an
interlayer dielectric layer 140 covering a side wall of the
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dummy gate structure 120 and the source-drain doped region
130 is formed on the substrate 100. The base is configured
to provide a process platform for subsequent processes.

In this form, the base is configured to form a transistor.
The transistor may be one or two of an N-channel metal
oxide semiconductor (NMOS) transistor or a PMOS tran-
sistor.

In this form, the base is configured to form a FinFET, and
the base includes the substrate 100 and the fin 110 protruding
from the substrate 100.

In this form, the substrate 100 is a silicon substrate. In
other forms, the substrate may be alternatively made of
another material such as germanium, silicon germanium,
silicon carbide, gallium arsenide, or indium gallium, and the
substrate may be alternatively another type of substrate such
as a silicon-on-insulator substrate or a germanium-on-insu-
lator substrate. The material of the substrate may be a
material suitable for process requirements or easy to inte-
grate.

The fin 110 is configured to provide a conductive channel
of a field effect transistor (FET).

In this form, the fin cut process is not needed to implement
isolation between the fin 110 in the isolation region 100/ and
the fin 110 in other regions. The fin 110 is accordingly a
continuous structure, to prevent stress release in the fin 110,
thereby improving the carrier mobility of the channel.

In the present form, a material of the fin 110 is the same
as that of the substrate 100, and the fin 110 is made of
silicon. In other forms, the material of the fin may be
alternatively a semiconductor material suitable for forming
a fin, such as germanium, silicon germanium, silicon car-
bide, gallium arsenide, or indium gallium.

The isolation region 100i corresponds to the fin cut
position, and is configured to define a position of the fin 110
that needs to be isolated.

It should be noted that an isolation layer 115 is further
formed on the substrate 100 exposed by the fin 110, and the
isolation layer 115 covers a part of a side wall of the fin 110.
A top surface of the isolation layer 115 is lower than a top
surface of the fin 110.

The isolation layer 115 is configured to isolate adjacent
devices. In this form, a material of the isolation layer 115 is
silicon oxide. In other forms, the material of the isolation
layer may be alternatively another insulation material such
as silicon nitride or silicon oxynitride.

The dummy gate structure 120 is configured to occupy a
spatial position for subsequent formation of a gate structure.

In this form, the dummy gate structure 120 is located on
the isolation layer 115, and covers a part of the top of and
a part of the side wall of the fin 110.

The dummy gate structure 120 may be a single-layer
structure or a stacked structure.

In this form, the dummy gate structure 120 is a single-
layer structure, and the dummy gate structure 120 includes
a dummy gate layer. In this form, the material of the dummy
gate structure 120 is polysilicon or amorphous silicon.

In this form, a dummy gate oxide layer 21 is further
formed on the top surface and the side wall of the fin 110,
and the dummy gate structure 120 is accordingly located on
the dummy gate oxide layer 21.

In the subsequent step of removing the dummy gate
structure 120, the dummy gate oxide layer 21 can define an
etching stop position, thereby reducing damage to the fin
110.
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In this form, the material of the dummy gate oxide layer
21 is silicon oxide or silicon oxynitride. In this form, a
spacer 125 is further formed on a side wall of the dummy
gate structure 120.

The spacer 125 is configured to protect the side wall of the
dummy gate structure 120, and the spacer 125 is further
configured to define a region for forming the source-drain
doped region 130.

The material of the spacer 125 may be at least one of
silicon oxide, silicon nitride, silicon oxynitride, silicon car-
bide, silicon oxycarbonitride, silicon oxycarbide, boron
nitride, or boron oxycarbide. The spacer 125 may be a
single-layer structure or a stacked structure. In this form, the
spacer 125 is a single-layer structure, and the material of the
spacer 125 is silicon nitride.

The source-drain doped region 130 is configured to pro-
vide carriers when the device is working. In this form, the
source-drain doped region 130 is further configured to
provide stress to the channel, to improve the carrier mobility.

When an NMOS transistor is formed, the source-drain
doped region 130 is N-type doping, the source-drain doped
region 130 includes a stress layer doped with N-type ions, a
material of the stress layer is Si or SiC, and the stress layer
provides a tensile stress to a channel region of the NMOS
transistor, to improve the carrier mobility of the NMOS
transistor, where the N-type ions are P ions, As ions or Sb
ions.

When a PMOS transistor is formed, the source-drain
doped region 130 is P-type doping, the source-drain doped
region 130 includes a stress layer doped with P-type ions, a
material of the stress layer is Si or SiGe, and the stress layer
provides a pressure stress to a channel region of the PMOS
transistor, to improve the carrier mobility of the PMOS
transistor, where the P-type ions are B ions, Ga ions or In
ions.

The interlayer dielectric layer 140 is configured to isolate
adjacent devices. In this form, the interlayer dielectric layer
140 is located on the isolation layer 115 and covers the side
wall of the spacer 125.

A material of the interlayer dielectric layer 140 is an
insulation material, for example, at least one of silicon
oxide, silicon nitride, silicon oxynitride, silicon oxycarbide,
silicon carbonitride, or silicon oxycarbonitride. In this form,
the interlayer dielectric layer 140 is a single-layer structure,
and the material of the interlayer dielectric layer 140 is
silicon oxide.

Referring to FIG. 3 and FIG. 4, FIG. 4 is a cross-sectional
view in an AA direction of FIG. 3. The dummy gate structure
120 located at the isolation region 100; is removed, to form
an isolation opening 160, so that a top and a side wall of the
fin 110 located at the isolation region 100; are exposed.

The dummy gate structure 120 located at the isolation
region 1007 is removed, and the dummy gate structure 120
is disconnected at the isolation region 100:i. After the gate
structure is subsequently formed at the position of the
dummy gate structure 120, the gate structure is accordingly
disconnected at the isolation region 100i, so that electrical
performance of the device meets design requirements.

The dummy gate structure 120 located at the isolation
region 1007 is removed, to form the isolation opening 160.
The isolation opening 160 exposes the top and the side wall
of the fin 110 located at the isolation region 100, so that
doping can be subsequently performed on the fin 110
exposed by the isolation opening 160.

It should be noted that the isolation opening 160 exposes
the top and the side wall of the fin 110 located at the isolation
region 1004, thereby removing the dummy gate structure 120
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at the top and the side wall of the fin 110 located at the
isolation region 100i, and preventing a leakage current
problem. Moreover, compared with that the isolation open-
ing only exposes the top of the fin of the isolation region, this
embodiment is also beneficial to increasing an area of the
exposed fin 110, which is beneficial to providing a larger
process space for subsequent first ion doping, to improve an
isolation effect of the isolation doped region.

In this form, the step of removing the dummy gate
structure 120 of the isolation region 1007 includes: removing
the dummy gate layer of the isolation region 1007 using the
dummy gate oxide layer 21 of the top surface and the side
wall of the fin 110 of the isolation region 100 as a stop layer.

In this form, a process of removing the dummy gate
structure 120 at the isolation region 100i includes a dry
etching process. In an example, the dry etching process is
used for removing the dummy gate structure 120 of the
isolation region 110i.

After the dummy gate structure 120 of the isolation region
110i is removed, the method for forming a semiconductor
structure further includes: removing the dummy gate oxide
layer 21 of the top surface and the side wall of the fin 110
of the isolation region 100i. Specifically, the dry etching
process is used for removing the dummy gate oxide layer 21
of the isolation region 110i.

In other forms, according to an actual process require-
ment, only the dummy gate layer in the isolation region may
be removed, and the dummy gate oxide layer in the isolation
region is retained.

Referring to FIG. 5 and FIG. 6, FIG. 6 is a cross-sectional
view of FIG. 5 at a position of the isolation opening 160 in
a direction perpendicular to an extending direction of the fin
110. First ion doping 200 is performed on the fin 110 below
the isolation opening 160, to form an isolation doped region
(not shown in the figure) in the fin 110, where a doping type
of the isolation doped region is different from a doping type
of the source-drain doped region 130.

The first ion doping 200 is performed on the fin 110 below
the isolation opening 160, to form the isolation doped region
in the fin 110, where the doping type of the isolation doped
region is different from the doping type of the source-drain
doped region 130, so that a doping concentration of oppo-
site-type ions in the fin 110 of the isolation region 100; can
be improved, thereby accordingly improving a potential
energy barrier of a P-N junction formed by the source-drain
doped region 130 and the fin 110 of the isolation region 1001,
to prevent a conduction current from being generated in the
fin 110 of the isolation region 100/ when the device is
working, and implementing, through ion doping, the isola-
tion between the fin 110 in the isolation region 1007 and the
fin 110 in other regions. In this form, there is no need to
perform the fin cut process, so that the fin 110 is accordingly
a continuous structure, to prevent stress release in the fin 110
and improve carrier mobility of the channel. Based on the
foregoing, this form is beneficial to improving the perfor-
mance of the FinFET.

In addition, in this form, after the dummy gate structure
120 is formed, the dummy gate structure 120 of the isolation
region 1007 is removed, to form the isolation opening 160,
and the first ion doping 200 is then performed on the fin 110
below the isolation opening 160, to form the isolation doped
region. Compared with a case that the gate structure of the
isolation region is removed to form the isolation opening
after the gate structure is formed and the fin below the
isolation opening is then doped, in this form, a procedure of
forming the isolation doped region is adjusted forward, to
enable the isolation doped region to undergo more process
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steps, and the subsequent process usually includes a step of
a high temperature treatment or a heat treatment, which is
beneficial to further diffusing the doped ions in the isolation
doped region. Accordingly, a concentration gradient of the
doped ions in the isolation doped region is less steep, to slow
down a concentration change at a P-N junction interface
formed by the source-drain doped region 130 and the fin 110
of the isolation region 100i. Therefore, a tunneling effect
from a P-type material to an N-type material is weakened, to
reduce a leakage current flowing from the source-drain
doped region 130 to the base.

In this form, the transistor is a PMOS transistor, the
source-drain doped region 130 is P-type doping, the fin 110
below the isolation opening 160 is doped with N-type ions,
and the N-type ions include phosphorus ions, arsenic ions or
antimony ions.

In an example, the transistor is a PMOS transistor, the
source-drain doped region 130 is P-type doping, the fin 110
below the isolation opening 160 is doped with phosphorus
ions, and a diffusion effect of the phosphorus ions is rela-
tively adequate, and is beneficial to gradually changing the
doping concentration of the isolation doped region. Specifi-
cally, it is beneficial to gradually changing the doping
concentration from a drain region in the source-drain doped
region 130 to the substrate 100, thereby improving a band to
band tunneling effect, and reducing a band to band tunneling
current I,.

In this form, the first ion doping 200 is performed on the
fin 110 below the isolation opening 160 using an ion
implantation process. The ion implantation process can
adjust parameters such as implantation energy, an implan-
tation dose, and an implantation angle, so that a doping
profile and a doping concentration of the isolation doped
region meet design requirements.

In this form, the source-drain doped region 130 is P-type
doping, ions of the ion implantation are phosphorus ions,
and parameters of the ion implantation process include:
implantation energy of 3 keV to 8 keV, an implantation dose
of 1.0E14 cm™ to 6.0E14 cm™2; and an implantation angle
of 3° to 20°.

The implantation energy should neither be excessively
low nor excessively high. If the implantation energy is
excessively low, an implantation depth of ions tends to be
excessively shallow, and the isolation effect of the isolation
doped region is likely to decrease. If the implantation energy
is excessively high, the implantation depth of the ions tends
to be excessively deep, the ion doping concentration in the
fin 110 of the isolation region 100i tends to be excessively
small, and the isolation effect of the isolation doped region
is also likely to decrease. To this end, in this form, the ions
of'the ion implantation are phosphorus ions, and the implan-
tation energy of the ion implantation process is 3 keV to 8
keV. In this form, a procedure of forming the isolation doped
region is adjusted forward, to enable the isolation doped
region to undergo more process steps, and the subsequent
process usually includes a step of a high temperature treat-
ment or a heat treatment, which is beneficial to further
diffusing the doped ions in the isolation doped region.
Therefore, the implantation energy may be alternatively
appropriately reduced.

The implantation dose should neither be excessively small
or excessively large. If the implantation dose is excessively
small, the ion doping concentration in the isolation doped
region tends to be excessively low, and the isolation effect of
the isolation doped region is likely to decrease. If the
implantation dose is excessively large, a source region in the
source-drain doped region 130 and the carriers in the iso-
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lation doped region are likely to increase, the band to band
tunneling effect tends to be strengthened and a leakage
current from a drain to the substrate 100 is likely to increase.
To this end, in this form, the source-drain doped region 130
is P-type doping, ions of the ion implantation are phosphorus
ions, and an implantation dose of the ion implantation
process is 1.0E14 cm™ to 6.0E14 cm™>2. The implantation
dose is set to 1.0E14 cm™ to 6.0E14 cm™2, the ion doping
concentration of the isolation doped region can enable both
the band-to-band tunneling current I, and the source-drain
punch current I, to be relatively small, and the leakage
current decreases accordingly, thereby improving the isola-
tion effect of the isolation doped region.

The implantation angle of the ion implantation process
should not be excessively large, or otherwise, the implan-
tation ions are likely to be blocked by the interlayer dielec-
tric layer 140 of the side wall of the isolation opening 160
or the dummy gate structure 120, causing an excessively
small dose of ions implanted into the fin 110 below the
isolation opening 160, and the doping concentration and a
doping depth of the isolation doped region can hardly meet
the design requirements. To this end, in this form, the ions
of'the ion implantation are phosphorus ions, and the implan-
tation angle of the ion implantation process is 3° to 20°. It
may be learned from the foregoing description that, in this
form, a procedure of forming the isolation doped region is
adjusted forward, to enable the isolation doped region to
undergo more process steps, and the subsequent process
usually includes a step of a high temperature treatment or a
heat treatment, which is beneficial to further diffusing the
doped ions in the isolation doped region. Therefore, the
implantation angle may be alternatively appropriately
reduced.

In this form, the implantation angle is an angle between
an implantation direction and a normal of a surface of the
substrate 100. In other forms, when the base is configured to
form the NMOS transistor, the source-drain doped region is
N-type doping, accordingly, the fin below the isolation
opening is doped with P-type ions, and the P-type ions
include boron ions, gallium ions or indium ions. In an
example, when the base is configured to form the NMOS
transistor, the source-drain doped region is N-type doping,
ions of the ion implantation are boron ions, and parameters
of'the ion implantation process include: implantation energy
of 3 keV to 8 keV, an implantation dose of 2.0E14 cm™ to
1.0E15 em™2; and an implantation angle of 3° to 20°.

In this form, a process temperature of performing the first
ion doping 200 on the fin 110 below the isolation opening
160 is higher than the room temperature. The first ion doping
is performed at the process temperature higher than the room
temperature, thermion implantation can be performed in this
form, and is beneficial to increasing movement of ions, to
enable the ions to return to a crystal lattice and accordingly
reduce damage to the fin 110.

In this form, the process temperature of performing the
first ion doping 200 on the fin 110 below the isolation
opening 160 is 100° C. to 200° C. The process temperature
of the first ion doping 200 is set to 100° C. to 200° C., to
further reduce the damage to the fin 110, and to improve
process compatibility and reduce thermal budget.

Referring to FIG. 7 and FIG. 8, FIG. 8 is a cross-sectional
view in an AA direction of FIG. 7. After the first ion doping
200 is performed, an isolation structure 170 is filled in the
isolation opening 160, where the isolation structure 170
extends across the fin 110 of the isolation region 100i.

The isolation structure 170 is configured to isolate the
dummy gate structure 120 adjacent to the isolation structure,
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and after a gate structure is subsequently formed at a
position of the dummy gate structure 120, the gate structure
adjacent to the isolation structure 170 can be isolated by the
isolation structure 170.

Therefore, the isolation structure 170 is made of a dielec-
tric material. A material of the isolation structure 170
includes at least one of silicon oxide, silicon nitride, silicon
oxynitride, silicon oxycarbide, silicon carbonitride, or sili-
con oxycarbonitride.

In this form, the step of forming the isolation structure
170 includes: forming an isolation material layer (not shown
in the figure) filling the isolation opening 160, where the
isolation material layer is further located on the interlayer
dielectric layer 140 and the dummy gate structure 120; and
removing the isolation material layer on the interlayer
dielectric layer 140 and a top surface of the dummy gate
structure 120, where the remaining isolation material layer
located in the isolation opening 160 is used as the isolation
structure 170.

In this form, a process of forming the isolation material
layer includes one or more of a CVD process, an ALD
process, an FCVD process, a PECVD process, and a HARP.
In an example, the isolation material layer is formed by
using the FCVD process. The FCVD process has relatively
high flowability, and is suitable for filling gaps with high
aspect ratios, to improve filling quality of the isolation
material layer in the isolation opening 160 and reduce
defects generated in the isolation material layer.

In this form, the isolation material layer on the interlayer
dielectric layer 140 and the top surface of the dummy gate
structure 120 is removed by using a planarization process.
Specifically, the planarization process may be a chemical
mechanical planarization process. The chemical mechanical
planarization process is a global planarization technology,
which is beneficial to improving the degree of planarity of
a top surface of the isolation structure 170 and height
consistency of the top surface of the interlayer dielectric
layer 140 and the isolation structure 170, and the chemical
mechanical planarization process has high planarization
efficiency.

Referring to FIG. 9 and FIG. 10, FIG. 10 is a cross-
sectional view in an AA direction of FIG. 9. After the
isolation structure 170 is formed, the remaining dummy gate
structure 120 is removed, and a gate opening 180 is formed
in the interlayer dielectric layer 140.

The gate opening 180 is configured to provide a spatial
position for formation of a gate structure.

In this form, in a direction perpendicular to an extending
direction of the fin 110, the gate opening 180 adjacent to the
isolation structure 170 is isolated by the isolation structure
170.

In this form, a process of removing the remaining dummy
gate structure 120 includes at least one of a wet etching
process or a dry etching process.

In this form, the step of removing the remaining dummy
gate structure 120 further includes: removing the gate oxide
layer 21 located below the remaining dummy gate structure
120, to expose the top surface and the side wall of the fin
110.

Referring to FIG. 11 and FIG. 12, FIG. 12 is a cross-
sectional view in an AA direction of FIG. 11. In this form,
the method for forming a semiconductor structure further
includes: forming a gate dielectric layer 210 on the top
surface and the side wall of the fin 110 exposed by the gate
opening 180 after the gate opening 180 is formed.

The gate dielectric layer 210 is configured to isolate the
subsequent gate structure and the fin 110.
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In this form, the gate dielectric layer 210 includes a gate
oxide layer. A material of the gate oxide layer is silicon oxide
or silicon oxynitride.

In other forms, the gate dielectric layer may be alterna-
tively a high-k gate dielectric layer, or, the gate dielectric
layer may include a gate oxide layer and a high-k gate
dielectric layer located on the gate oxide layer. The material
of the high-k gate dielectric layer is a high-k dielectric
material, where the high-k dielectric material is a dielectric
material having a relative dielectric constant greater than a
relative dielectric constant of silicon oxide. Specifically, the
material of the high-k gate dielectric layer is HfO,. In other
forms, the material of the high-k gate dielectric layer may be
alternatively selected from ZrO,, HfSiO, HfSiON, HfTaO,
HfTiO, HfZrO or Al,Oj.

In an example, the gate dielectric layer 210 is the gate
oxide layer, and a process of forming the gate oxide layer
includes an in-situ stream generation (ISSG) process or an
ALD process.

In this form, the method for forming a semiconductor
structure further includes: performing a first heat treatment
on the gate dielectric layer 210 after the gate dielectric layer
210 is formed, where the first heat treatment being used for
improving crystal quality of the gate dielectric layer 210,
thereby improving reliability of a device.

In a process of the first heat treatment, the doped ions in
the isolation doped region are further diffused, thereby
obtaining an isolation doped region with a less steep con-
centration gradient and an isolation doped region with a
larger doping profile.

In this form, a temperature of the first heat treatment is
800° C. to 950° C. The temperature of the first heat treatment
is set to 800° C. to 950° C., and is used for improving film
formation quality of the gate dielectric layer 210. For
example, a density of the gate dielectric layer 210 is
improved and defects such as impurities in the gate dielec-
tric layer 210 are reduced, to obtain the gate dielectric layer
210 with better electrical performance.

Referring to FIG. 13 and FIG. 14, FIG. 14 is a cross-
sectional view in an AA direction of FIG. 13. A gate
structure 220 is formed in the gate opening 180.

The gate structure 220 is configured to control the open-
ing and closing of a conductive channel of a FET.

In this form, the gate structure 220 is located on the
isolation layer 115, and covers a part of the top of and a part
of the side wall of the fin 110.

In this form, in an extending direction of the gate structure
220, the gate structure 220 adjacent to the isolation structure
170 is isolated by the isolation structure 170. The extending
direction of the gate structure 220 is perpendicular to the
extending direction of the fin 110.

In this form, the gate structure 220 is a metal gate
structure, and the gate structure 220 is formed by a high k
last metal gate last process. The gate structure 220 includes
a work function layer (not shown in the figure) and a gate
electrode layer (not shown in the figure) located on the work
function layer.

The work function layer is configured to adjust a work
function of the gate structure 220, thereby adjusting a
threshold voltage of the device. When a PMOS device is
formed, the work function layer is a P-type work function
layer, and the material of the P-type work function layer
includes one or more of TiN, Ta, TaN, TaSiN and TiSiN; and
when an NMOS device is formed, the work function layer
is an N-type work function layer, and the material of the
N-type work function metal includes one or more of TiAl,
TaAIN, TiAIN, MoN, TaCN, and AIN.
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The gate electrode layer is used as an electrode for leading
out the electricity of the gate structure 220, thereby electri-
cally connecting the gate structure 220 to external circuits or
other interconnection structures. A material of the gate
electrode layer is a conductive material, for example: Al, Cu,
Ag, Au, Pt, Ni, Ti, or W. In this form, the material of the gate
electrode layer is W.

In other forms, the gate structure may be alternatively a
polysilicon gate structure.

It should be noted that, in this form, after the gate
structure 220 is formed, the method for forming a semicon-
ductor structure further includes: performing a second heat
treatment on the isolation doped region.

The second heat treatment is used for activating the doped
ions in the isolation doped region.

A temperature of the second heat treatment should be
neither excessively low nor excessively high. If the tem-
perature of the second heat treatment is excessively low, an
effect of activating the doped ions in the isolation doped
region tends to decrease. If the temperature of the second
heat treatment is excessively high, the structure of the device
is prone to damage, and the doping profile of the doped
region formed in the semiconductor structure is also prone
to damage. To this end, in this form, the temperature of the
second heat treatment is 450° C. to 650° C.

In this form, the second heat treatment is performed by
using an annealing process. Specifically, the second heat
treatment includes: an RTA process, a DSA process or a laser
anneal process.

It should be noted that, after the gate structure 220 is
formed and before the second heat treatment is performed on
the isolation doped region, the method for forming a semi-
conductor structure further includes: forming a source-drain
opening (not shown in the figure) penetrating the interlayer
dielectric layer 140 at the top of the source-drain doped
region 130, where the source-drain opening exposes the
source-drain doped region 130; and performing second ion
doping on the source-drain doped region 130 exposed by the
source-drain opening, where a doping type of the second ion
doping is the same as a doping type of the source-drain
doped region 130.

In this form, the second ion doping is performed through
the source-drain doped region 130 exposed by the source-
drain opening, the doping type of the second ion doping is
the same as the doping type of the source-drain doped region
130, to improve the ion doping concentration in the source-
drain doped region 130, and to reduce a resistance on a
surface of the source-drain doped region 130. In addition, in
a subsequent process of forming, in the source-drain open-
ing, a source-drain contact layer in contact with the source-
drain doped region 130, it is also beneficial to reducing a
contact resistance between the source-drain doped region
130 and the source-drain contact layer, thereby improving
performance of the semiconductor structure.

Accordingly, in this form, in the step of performing the
second heat treatment, the second heat treatment may further
activate the doped irons of the second ion doping in the
source-drain doped region 130, so that the solution of this
embodiment and process steps in the prior art are integrated,
to improve process integration and process compatibility.
Moreover, there is no need to add an additional heat treat-
ment step, which is beneficial to reducing process costs.

Accordingly, after the second heat treatment is performed,
forms of the method for forming a semiconductor structure
further include: forming, in the source-drain opening (not
shown in the figure), a source-drain contact layer in contact
with the source-drain doped region 130.
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The source-drain contact layer is configured to electrically
connect the second source-drain doped region 130 to exter-
nal circuits or other interconnection structures. A material of
the source-drain contact layer is a conductive material such
as W, Al, Cu, Ag or Au.

Although forms of the present disclosure are described
above, the present disclosure is not limited thereto. A person
skilled in the art can make various changes and modifica-
tions without departing from the spirit and the scope of the
present disclosure. Therefore, the protection scope of the
present disclosure should be subject to the scope defined by
the claims.

What is claimed is:

1. A method for forming a semiconductor structure,
comprising:

providing a base, comprising:

an isolation region corresponding to a fin cut position,
a substrate and a fin protruding from the substrate, the
fin being a continuous structure,

a dummy gate structure extending across the fin formed

on the substrate,

a source-drain doped region formed in the fin on two sides

of the dummy gate structure, and

an interlayer dielectric layer covering a side wall of the

dummy gate structure, where the source-drain doped
region is formed on the substrate;

removing the dummy gate structure located at the isola-

tion region, to form an isolation opening, to expose a
top and a side wall of the fin located at the isolation
region;
performing first ion doping on the fin below the isolation
opening, to form an isolation doped region in the fin,
wherein a doping type of the isolation doped region is
different from a doping type of the source-drain doped
region;
filling an isolation structure in the isolation opening after
the first ion doping is performed, wherein the isolation
structure extends across the fin of the isolation region;

removing the remaining dummy gate structure after the
isolation structure is formed, to form a gate opening in
the interlayer dielectric layer; and

forming a gate structure in the gate opening; and

after the gate structure is formed, performing a second

heat treatment on the isolation doped region.

2. The method for forming a semiconductor structure
according to claim 1, wherein:

the source-drain doped region is N-type doping, the fin

below the isolation opening is doped with P-type ions,
and the P-type ions comprise boron ions, gallium ions
or indium ions; or

the source-drain doped region is P-type doping, the fin

below the isolation opening is doped with N-type ions,
and the N-type ions comprise phosphorus ions, arsenic
ions or antimony ions.

3. The method for forming a semiconductor structure
according to claim 1, wherein the first ion doping is per-
formed on the fin below the isolation opening using an ion
implantation process.

4. The method for forming a semiconductor structure
according to claim 3, wherein:

the source-drain doped region is N-type doping, ions of

the ion implantation are boron ions, and parameters of
the ion implantation process comprise: implantation
energy of 3 keV to 8 keV, an implantation dose of
2.0E14 cm™ to 1.0E15 cm™2; and an implantation
angle of 3° to 20°; or
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the source-drain doped region is P-type doping, ions of
the ion implantation are phosphorus ions, and param-
eters of the ion implantation process comprise: implan-
tation energy of 3 keV to 8 keV, an implantation dose
of 1.0E14 cm™ to 6.0E14 cm™?; and an implantation
angle of 3° to 20°.

5. The method for forming a semiconductor structure
according to claim 1, wherein a process of removing the
dummy gate structure located at the isolation region com-
prises a dry etching process.

6. The method for forming a semiconductor structure
according to claim 1, further comprising: forming a gate
dielectric layer on a top surface and the side wall of the fin
exposed by the gate opening after the gate opening is formed
and before the gate structure is formed.

7. The method for forming a semiconductor structure
according to claim 6, wherein the gate dielectric layer
comprises a gate oxide layer.

8. The method for forming a semiconductor structure
according to claim 6, further comprising: performing a first
heat treatment on the gate dielectric layer after the gate
dielectric layer is formed and before the gate structure is
formed.

9. The method for forming a semiconductor structure
according to claim 8, wherein a temperature of the first heat
treatment is 800° C. to 950° C.

10. The method for forming a semiconductor structure
according to claim 1, wherein a temperature of the second
heat treatment is 450° C. to 650° C.

11. The method for forming a semiconductor structure
according to claim 1, wherein the second heat treatment
comprises: a rapid thermal anneal (RTA) process, a dynamic
surface anneal (DSA) process or a laser anneal process.

12. The method for forming a semiconductor structure
according to claim 1, wherein:

after the gate structure is formed and before the second

heat treatment is performed on the isolation doped
region, the method for forming a semiconductor struc-
ture further comprises:

forming a source-drain opening penetrating the interlayer

dielectric layer at the top of the source-drain doped
region, wherein the source-drain opening exposes the
source-drain doped region; and

performing second ion doping on the source-drain doped

region exposed by the source-drain opening, wherein a
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doping type of the second ion doping is the same as a
doping type of the source-drain doped region; and
after the second heat treatment is performed, the method

for forming a semiconductor structure further com-
prises: forming, in the source-drain opening, a source-
drain contact layer in contact with the source-drain
doped region.

13. The method for forming a semiconductor structure
according to claim 1, wherein the step of filling an isolation
structure in the isolation opening comprises:

forming an isolation material layer filling the isolation

opening, wherein the isolation material layer is further
located on the interlayer dielectric layer and the dummy
gate structure; and

removing the isolation material layer on the interlayer

dielectric layer and a top surface of the dummy gate
structure, wherein the remaining isolation material
layer located in the isolation opening is used as the
isolation structure.

14. The method for forming a semiconductor structure
according to claim 13, wherein a process of forming the
isolation material layer comprises at least one of a chemical
vapor deposition (CVD) process, an atomic layer deposition
(ALD) process, a flowable chemical vapor deposition
(FCVD) process, a plasma-enhanced chemical vapor depo-
sition (PECVD) process, or a high aspect ratio process
(HARP).

15. The method for forming a semiconductor structure
according to claim 13, wherein the isolation material layer
on the interlayer dielectric layer and the top surface of the
dummy gate structure is removed using a planarization
process.

16. The method for forming a semiconductor structure
according to claim 1, wherein a process temperature of
performing the first ion doping on the fin below the isolation
opening is 100° C. to 200° C.

17. The method for forming a semiconductor structure
according to claim 1, wherein a material of the isolation
structure comprises at least one of silicon oxide, silicon
nitride, silicon oxynitride, silicon oxycarbide, silicon carbo-
nitride, or silicon oxycarbonitride.

18. The method for forming a semiconductor structure
according to claim 1, wherein the gate structure is a metal
gate structure.



